Abstract. Understanding the land use and land cover (LULC) change processes is of great importance for formulating the land use policy. In the present study, Remote Sensing, Geographic Information System (GIS) and statistical techniques are used to understand the LULC dynamics and possible driving forces in a thickly populated Yamuna river basin of India. The National Capital Territory of Delhi, one of the world's largest urban agglomerations, occurs in this river basin. The LULC maps on 1:250,000 scales prepared at decadal interval (1985, 1995 and 2005) using satellite images are used for studying the LULC dynamics. The major LULC changes observed during the study period are increase in cropland (65.7% to 67.9%) and built-up (0.9% to 1.9%) and decrease in forest (17.1% to 16.4%) and water bodies (2.3% to 1.9%). The dominant processes of the LULC changes include transitions from forest, grassland, shrub land, water bodies and wasteland to cropland; transitions from cropland, shrub land, wasteland, grassland and forest to built-up; conversion of forest to cropland, shrub land, plantation and built-up; and transitions from water bodies to cropland, shrub land and wasteland. Most of the transitions are reversible in nature. The statistical analysis (logistic regression) between decadal LULC maps and drivers indicates that LULC changes are driven by a multitude of factors in different combinations and with different importance. Socioeconomic, demographic and proximity drivers mainly influence the LULC change processes in the study area in decreasing order of importance. The insights gained are important for simulating future LULC scenarios as input for land management policy making.
Introduction
Land is the most valuable natural resource that has been transforming since ages to meet the demands of human kind in pursuit of better life. Some of the major landscapes changes across the world have arisen due to human interference (Viles and Goudie, 1997; Lambin et al., 2001) . A strong trend of urban development can be observed throughout the world (United Nations Centre for Human Settlements, 1996) and India is no exception, which has witnessed phenomenal development in different sectors since
Methodology
The methodology includes three parts viz, LULC change analysis and accuracy assessment; preparation and integration of socioeconomic, physical, demographic and proximity driver datasets; and statistical analysis to derive relationship between drivers and LULC changes (Fig. 2) . Different datasets used in the present study and their sources are listed in Table 1 . 
Change analysis and accuracy assessment
Decadal LULC maps of 1985, 1995 and 2005 were prepared at 1:250,000 scales formed the basic inputs (Roy et al., 2015) .The LULC maps follow IGBP (International Geosphere Biosphere Programme) LULC classification scheme (Loveland and Belward, 1997) . In the present study, LULC maps were prepared by merging different types of forest classes to one forest class and cropland and fallow land to cropland class ( Table  2) . A total of ten LULC classes, i.e. built-up, cropland, plantation, forest, shrub land, grassland, baren land, wasteland, water bodies, permanent wetland were then refined wherever required using satellite images of Landsat-MSS, IRS LISS-I and IRS LISS-III satellite images respectively for 1985, 1995 and 2005 to produce modified LULC maps (Fig. 3) . Snow and ice class was masked for the present study. Accuracy assessment is then carried out for LULC map of 2005 with aid of confusion matrix by using Google Earth as reference data. We have generated a total of 9003 random points with minimum of 3 points per polygon. From the confusion matrix, individual class accuracy, overall accuracy and kappa coefficient were computed (Congalton, 1991) . The overall accuracy and kappa coefficient of 2005 LULC map is 89.82% and 0.88, respectively ( Table 3 ). The accuracy assessment was performed for 2005 LULC map only and assumed to be of the same order for LULC maps of 1985 and 1995 considering the mapping procedures followed in preparing decadal LULC maps (Roy et al., 2015) . After the refinement of LULC maps and accuracy assessment, the change area matrices are prepared for three periods, i.e. 1985-1995, 1995-2005 and 1985-2005 . These matrices were used to analyse the transition of one LULC class to other LULC class. 
Preparation of driver datasets
The socioeconomic, demographic, physical and proximity driver datasets were prepared for 1995 and 2005 ( Table 1) . The demographic driver includes total population and socioeconomic drivers include total working population, number of agriculture workers and road length. The physical drivers include slope, mean annual temperature, annual rainfall and soil depth whereas proximity drivers include distance to built-up, distance to forests and distance to water bodies. These drivers were used as independent variables in the statistical analysis. The socioeconomic data were collected at district level with the exception of population data which was collected at taluka (sub-district) level. The data set were collected from Census of India, Indiastat.com, Census handbooks, State development reports and Statistical diaries. The slope and elevation has been derived from the SRTM DEM. The annual rainfall and mean annual temperature were obtained from IMD (India Meteorological Department). The rainfall and temperature data were available at half and one degree grid, respectively. The soil depth was extracted from the soil map prepared at 1:1 million scale by National Bureau of Soil Survey and Land Use Planning, Nagpur. The soil depth was segregated from this map and reclassified and appended with the map as a new field. The proximity drivers viz., distance to built-up, distance to forests and distance to water bodies were derived from LULC maps of 1995 and 2005 using Euclidean distance in Arc GIS software. All the datasets were rasterized at (250m×250m) and normalized between 0 and 1, so as to balance the range of data values (Fig. 4) .
Normalization of data values is important because of the sensitivity of data transformation in statistical analysis (logistic regression in the present case). Normalization is done by dividing the value of each grid cell with the highest value of cell data to achieve similar data range. Moreover, in the multivariate analysis such as logistic regression, the independent variables should have a similar scale to avoid discrepancy in outcome (Veldkamp and Fresco, 1997; Verburg et al., 2004; Nefeslioglu et al., 2008) . After normalization, the raster data were converted to ASCII files and used for statistical analysis in SPSS software.
Statistical analysis between drivers and LULC change
To analyse the relationship between LULC classes (dependent variables) and possible driving factors (independent variables), logistic regression has been used. 
. Normalized drivers datasets used in the study
The β values were used to express the possible relationship between LULC classes and driving forces. Multi-collinearity between driving factors has been checked before running the regression in order to reduce the errors in parameter estimates and biasness in the outcome (MacNally, 2000). For testing multi-collinearity between independent variables, tolerance values (1 − R 2 ) and variance inflation factors (VIF) were used. If VIF values are smaller than 10 and the tolerance values are greater than 0.1, it indicates that there is no multi-collinearity issue between the drivers (Obrien, 2007) .
The goodness of fit of the model is evaluated by relative operating characteristic (ROC) Curve. The ROC indicates whether the spatial pattern of LULC classes can be easily explained by the independent variables. The ROC value above 0. 
Results

Land use and land cover change analysis
The areal extent of LULC classes in the study area is shown in The transition of one LULC class to other LULC class can be seen from Tables 5a,  5b and 5c, respectively. The observation indicates that four LULC classes i.e. built-up, cropland, forest and water bodies showed major conversions. There is a gain in built-up and cropland areas. The change in built-up includes transitions from cropland, shrub land, wasteland, grassland and forest. The gain in cropland includes transitions from forests, grassland, shrub land, water bodies and wasteland. The forest and water bodies also represent important transitions. The forest transition mainly includes transition to cropland, shrub land, plantation and built-up areas. With respect to water bodies, it is converted to cropland, shrub land and wasteland. The rest of LULC classes show minor conversions. The change in areal extent of LULC classes and a few locations of LULC change from 1985 to 2005 are shown in Fig. 5 and Fig. 6 . 
Regression analysis
Before running logistic regression we have tested multi-collinearity between independent variables in SPSS software. No multi-collinearity issues between drivers are found as variance inflation factor (VIF) and tolerance values for all drivers are smaller than 10 and greater than 0.1, respectively. The VIF and tolerance values to check the multi-collinearity for drivers of 1995 are shown in Table 6 . The performance of logistic regression was also evaluated on the basis of ROC curve and it has been observed that ROC values for all the classes lie between 0.5 and 1 indicating that the that performance of logistic regression is good enough to explain the patterns of LULC change by the drivers. The results of logistic regression with β and ROC values for 1995 and 2005 are summarized in Table 7 . The negative β values for road length (β: -0.14, -2.91), distance to built-up (β: -1.42, -2.39) and distance to forests (β: -0.05, -0.61) show that as distance to built-up and forests increases, the probability of finding cropland class decreases. Distance to water bodies (β: 5.03, 2.09) is positively related to cropland class that increases the probability of finding cropland areas near the water bodies. With regard to physical drivers, slope (β: -17.29, -10.98), elevation (β: -16.91, -12.17) and mean annual temperature (β: -2.62, -2.60) have negative influence on the probability of finding cropland class; whereas, annual rainfall (β: 9.04, 8.13) and soil depth (β: 0.22, 0.21) show positive influence for the probability of finding cropland class. In summary, the above results indicate that LULC in the Yamuna river basin is influenced by a multitude of drivers (socioeconomic, demographic, physical and proximity drivers) in different combinations. Since physical drivers generally have very low temporal variability, socioeconomic, demographic and proximity drivers mainly control the LULC change processes in the study area in decreasing order of importance.
Discussion
The results indicate that significant LULC changes have occurred in the basin during the study period. are of both reversible and irreversible nature. For example, transitions like barren land to shrub land, cropland to shrub land, cropland to water bodies, cropland to plantation, forest to plantation, grassland to cropland, plantation to cropland, shrub land to barren land, water bodies to cropland are some of reversible transitions; whereas, forest to built-up, cropland to built-up, grassland to built-up and shrub land to built-up can be considered as irreversible transitions. It is likely that these changes will affect the biodiversity, soil erosion and soil and water quality of the area; however, the magnitude of impact will depend mainly upon the direction of land conversion. Conversion of forest to cropland can result in soil erosion, if good farming techniques are not adopted (Wasige et al., 2013) . Decrease in forest may lead to loss of indigenous plant species and reduction of biodiversity (Aduah, 2014) . It can be observed from change matrices that decrease in forest class are mainly due to conversion to cropland and built-up as a result of anthropogenic pressure. Forests with fertile soil, particularly in Indo-Gangetic plains, are generally more prone to deforestation for agriculture expansion (Geist and Lambin, 2004) . While expansion of agricultural activity, as observed during the study period, is expected to have impact on freshwater ecosystem (Tilman, 1999) , urban expansion and agriculture activities affect the water quality of the streams and reservoirs via increase in concentration of nutrients (Bonansea et al., 2016) . Habitat loss and degradation are the major causes of biodiversity loss (Convention on biological diversity, 2010). The demand for additional land increases with increase in population that further causes the conversion of forests and cropland to built-up. Land cover changes like increase in built-up can reduce infiltration by virtue of impervious nature leading to increased soil erosion, sedimentation and pollution of river waters (Rogers, 1994) .
The LULC changes in the basin are attributed to mainly socioeconomic, demographic and proximity drivers. The high β values of total population, number of agriculture workers, total working population and road length obtained from statistical analysis indicate the importance of these drivers on LULC changes. Among physical and proximity drivers, annual rainfall, slope, elevation and distance to water bodies are the main drivers contributing to LULC changes in the study area. The high negative β values for elevation and slope have a negative effect for the presence of water bodies in areas with high slope and elevation while the presence of forest is positively related with an increase in elevation and rising slope (Oprsal et al., 2016) . Further, total population and number of agriculture workers with negative β values indicate pressure of population increase and agricultural expansion on water bodies. With agricultural expansion and increase in population, it is obvious that the demand for water supply has also increased in the basin over time. To meet this increased water demand, the Yamuna water is abstracted at different locations like Dakpathar, Hathinikund/ Tajewala, Wazirabad, Okhla and Gokul barrage for drinking water supply, irrigation, hydropower generation, etc. Various dams and reservoirs (e.g. Renuka, Lakhawar, Vyasi on Yamuna, Keshua on Tons, Rajghat on Betwa) have been constructed on river Yamuna and its tributaries. Such man-made interventions along the river courses may have an adverse impact on the overall quality of river water and aquatic ecosystem (Mishra, 2010) .
On one hand, the basin has undergone phenomenal development with great advancement in different sectors like employment, health, education, transport, agriculture and technology, its population has also increased manifold simultaneously. So, there is a need to adopt sustainable development strategy to bring harmony between development, environment and society. One of the major limitations of the present study is that the drivers, particularly socioeconomic, demographic and meteorological (rainfall and temperature), were available at different scales (resolutions). It required a considerable effort in collating and converting the socioeconomic and demographic data available in tabular form to geo-referenced spatial format before carrying out statistical analysis to explore dependencies of drivers on LULC change. Despite limitations, the present study based on remote sensing, GIS and statistical analysis clearly brings out the linkage between LULC change and the drivers of such change at river basin scale. The statistical analysis at different scales (i.e. grid size) may further improve understanding the causes of LULC change. The results of this study provide first and foremost input towards simulating future LULC scenario.
Conclusions
In this study, we have investigated LULC change and driving forces causing such change in the Yamuna river basin of India. The major LULC changes observed during 1985-2005 at decadal interval are increase in cropland and built-up and decrease in forest and water bodies. The dominant processes of the LULC changes include transitions from forest, grassland, shrub land, water bodies and wasteland to cropland; transitions from cropland, shrub land, wasteland, grassland and forest to built-up; and conversion of forest to cropland, shrub land, plantation and built-up. The decrease in forest cover is mainly attributed to fragmentation, urbanisation, cropland expansion and construction of reservoirs and dams. Further, it is noticed that most of LULC transitions in the study are reversible in nature.
The statistical analysis suggests that LULC changes are driven by a combination of socioeconomic, demographic, physical and proximity drivers. However, in general it is found that the socioeconomic, demographic and proximity drivers mainly influence the LULC change processes in decreasing order of importance. The population increase with accompanied development exerted pressure on existing land in pursuit of better living standards leading to LULC change.
The present study is an example to understand the dynamics and causes of LULC change using multiple techniques, i.e. remote sensing, GIS and statistics. Despite limitations of having driver datasets at coarse and different scales, the study clearly brings out the linkage between LULC change and the drivers of such change in a large study area of river basin size. The statistical analysis at different scales (i.e. grid size) may further improve understanding the causes of LULC change. The insights gained through this study will be useful in simulating future LULC scenarios and thus in providing inputs to sustainable land management policy making. 0 
